INTRODUCTION
The most abundant pigment on earth is chlorophyll which absorbs sunlight during photosynthesis (HÖRTENSTEINER and KRÄUTLER, 2011) . This pigment plays an important role in electron transport and charge separation within reaction centers, thus harvesting solar energy (TANAKA and TANAKA, 2006) . All heterotrophic organisms including humans depend on this energy. Chlorophyll is green in color and this color seems to have a positive psychological effect on humans (PRETTY et al., 2007) . In rice breeding programs, chlorophyll content is used as an effective index of high photosynthetic efficiency (KANNANGARA, 1991) .
Maize (Zea mays L.) is an important cereal crop which is grown in irrigated and rain fed areas through out of the world (IRSHAD et al., 2002) . Among all crops, maize is on number third position after wheat and rice globally. All over the world scientist's major goal is to achieve greater production using advanced molecular technology due to increased demand of this crop. This crop is being widely used as food for human and animals. Currently scientist's using QTL mapping for exploring the genetic architecture for agro-economical traits in breeding. This technique has been widely applied for crop improvement (KUMAR and KUMAR, 2009 ). Researchers found so many molecular markers as SSR, which are linked with traits and QTLs controlling these traits and have been cloned (ZHOU et al., 2011) . In maize so many traits having QTLs were mapped to all (10) chromosomes (TSONEV et al., 2009; QIU et al., 2011) . This study was aimed to explore the genetics of chlorophyll content in maize using population of 235 F 2:3 individuals.
MATERIALS AND METHODS

Plant Materials
To study genetics of chlorophyll content, maize hybrid Shenyu21 (F 1 ), bred by the Breeding Institute, Shenyang Academy of Agricultural Sciences, was used to construct a segregation population. The female parent Shen3336 had high photosynthetic efficiency and the male parent Shen3265 had weak photosynthetic efficiency. Shenyu21 seeds were grown in San Taizi experiment field of Shenyang Academy of Agricultural Sciences for F 2 seed production in May 1, 2010. In the same year, F 3 lines were advanced from individual F 2 plants in Hainan Province, China. During the 2011 crop season, the parents, Shenyu21 (F 1 ) and F 3 population were planted at San Taizi experiment field of Shenyang Academy of Agricultural Sciences on April 28. Sixty Shenyu21 (F 1 ) seeds were planted along 4 rows with 15 seeds in one row. For the 222 F 3 lines, about 15 seeds from each line were planted in a 4 m row with 0.6 m apart between rows. Because of limited seed quantities, only one experiment field (site) was conducted and replications were not possible in 2011. In 2012, the parents, Shenyu21 (F 1 ) and F 4 population were sown on 2 nd May at San Taizi experiment field, 4 th May at New Chengzi experiment field of Shenyang Leiao Seed Company. The experimental plots were completely randomized with three replications at each site. 
Measurement of chlorophyll contents in leaves
The determination of chlorophyll content was carried out with the use of acetone-extract method. 0.5g ear leaves of five plants in each line were sheared, put into a test tube with 10ml ethanol/acetone extraction liquid (1:1), and were incubated 2 hrs at 65 o C. After that, the liquid extracts were diluted 20 times with ethanol/acetone (1:1). The absorption of the extracts at wavelengths of 663nm (D663) and 645 nm (D645) were measured with a UV1102 spectrophotometer. The concentrations of total chlorophyll (Chl-t) were then calculated using the equations as follow according to ARNON et al., (1949) : Chl-t = 20.31 A645 +8.05 A663.
Statistical analysis
Joint segregation analysis of 4 generations (P 1 , P 2 , F 1 and F 2:4 ) from cross shen3336× shen3265 was carried out to investigate the inheritance of chlorophyll content using the mixed major gene plus polygene genetic models (GAI and WANG, 1998) . The 24 genetic models were categorized into five models groups which are; (A) inheritance controlled by one pair of major genes, (B) two pairs of major genes, (C) polygenes, (D) one pair of major genes plus polygene and (E) two pairs of major genes plus polygenes. Distribution parameters were calculated by maximum log likelihood and IECM (Iterated expectation and conditional maximization) method. The best candidate genetic model was selected according to Akaike's information criterion (AIC) value. Further, the best-fitting model was determined by 5 statistical parameters (U 1 2 , U 2 2 , U 3 2 , nW 2 and D n ). The gene effects and genetic variances were estimated by the component distribution parameters of best-fitting models using least squares estimation (LSE). The genetic variances of major gene (σ 
RESULTS AND DISCUSSION
Descriptive statistics of Chlorophyll content
The descriptive statistics of chlorophyll content among 4 generations derived from the cross shen3336 x shen3265 were listed in table 1. The chlorophyll contents of F 1 plants were little higher than parents. The coefficients of variation (CV %) among F 2:4 generation were higher than those of P 1 , P 2 and F 1 generations, indicating the existence of real variations of heredity. As shown in Figure 1 , chlorophyll contents showed a continuous distribution, suggesting quantitative inheritance. The distribution curve of chlorophyll "a" "b" and "a+b" showed some major peaks indicating that chlorophyll content was controlled by some major gene while modified by several minor genes. 
Inheritance analysis of Chlorophyll content in maize
By using 24 genetic models of mixed major gene plus polygene inheritance, coded as A-E, were tested with the data of chlorophyll content from P 1 , P 2 , F 1 and F 2 3 from the cross shen3336× shen3265 (Table 2 ). For chlorophyll "a" the model B-1 and C-1, for chlorophyll 'b" the model C-0 and E-6 while for chlorophyll "a+b" the model C-0 and E-1 were chosen as the candidate models for the inheritance analysis due to the lower Akaike's information criterion (AIC) values of these models than the others. According to the fitness, evaluation was done by using 5 statistical parameters such as U 1 2 , U 2 2 , U 3 2 , nW 2 , and D n as shown in Table 3 . After all evaluations, the model B-1, E-6 and E-1 was the best-fitting model for chlorophyll "a", "b" and chlorophyll "a + b" content respectively. 
Genetic parameter estimation
The first order and the second order parameters were estimated by using the IECM method, max-likelihood values of parameter distribution means of the best-fitting models (Table 4) . Two major genes controlling chlorophyll "a" and additive effect of second gene (0.227623) was more than the first gene (0.040997). First gene was strongly dominant over second gene. Additive x additive effects of both genes was 0.190744 while dominance x dominance effects was 2.065368. Variance of these major genes was 0.116 with heritability of 56.3%. For chlorophyll "b" the model selected was E-6 having major genes and polygenes. The additive affects of one main gene and polygenes was 0.001661 and 0.064690 respectively. The dominance affects of these polygenes were 0.247361. Variations in polygenes were higher than that of main gene. The heritability of these polygenes and main gene was 93.26% and 1.12% respectively. There were no additive effects between two major genes controlling chlorophyll contents. The dominance effects of the two major genes were 0.481714 and -0.182698, respectively, larger effect by the first gene. The additive ([d] =0.685533) and dominance ([h]=-1.122663) effects of polygenes can be either positive or negative among crosses, which shows differences in their polygenic background. The additive×additive interaction effect (i) was -0.034057, whereas the dominance×dominance interaction effect (l) was 1.457208. Both additive×dominance (j ab ) and dominance×additive (j ba ) were 1.251403 and 0.219850 respectively. Heritability of major gene was greater (h 2 mg = 56.2 %) than heritability of polygenes (h 2 pg = 2.5 %). The fluorescence of chlorophyll was controlled by additive type of gene action (FARSHADFAR et al., 2011) . Total chlorophyll content in plants (cucumber, rice) was controlled by mini-polygene which was affected by environmental factors (LI et al., 2009; YANG et al., 2006) . ZHANG et al., (2009) reported that the heritability of chlorophyll a and b was high in wheat. Chlorophyll content and photosynthetic rate is correlated with each other, thus an effective way to increase the biomass production and grain yield in crops is to increase the chlorophyll content in crops (WANG et al., 2008) .
